Effects of chronic nicotine treatment and withdrawal on hypothalamic proopiomelanocortin gene expression and neuroendocrine regulation.
Considerable evidence suggest that some responses to smoking and nicotine are mediated by forebrain beta-endorphinergic opioid mechanisms. It has also been demonstrated that nicotine stimulates rat tuberoinfundibular dopaminergic activity. Since we have proposed that interactions between mediobasohypothalamic (MBH) dopaminergic and beta-endorphinergic mechanisms have a key role in neuroendocrine integration, we investigated the effects of chronic nicotine treatment and withdrawal on: (1) MBH concentrations of proopiomelanocortin (POMC, precursor for beta-endorphin biosynthesis) mRNA; (2) MBH concentrations of tyrosine hydroxylase (TH, rate limiting enzyme in catecholamine biosynthesis) mRNA; (3) corresponding serum prolacin, corticosterone, luteinizing hormone (LH), and testosterone concentrations. POMC and TH mRNA levels were measured by RNase protection/solution hybridization assay; serum hormone levels were measured by radioimmunoassay. Adult male rats received subcutaneous injections of either nicotine or saline during the dark period of each day on an increasing frequency (1-3 injections/day) and dosage (0.4-0.5 mg nicotine/kg body weight) schedule over 4 weeks. The rats were sacrificed after 4 weeks treatment and at 1, 3, 7, 14 and 21 days withdrawal. Chronic daily nicotine administration induced significant changes in serum corticosterone, serum prolactin, MBH TH mRNA, and MBH POMC mRNA concentrations that tended to persist through day 3 of withdrawal; serum prolactin and MBH POMC mRNA concentrations were suppressed whereas serum corticosterone and MBH TH mRNA concentrations were stimulated. None of the parameters were significantly different from control levels following 7 or more days of withdrawal from nicotine, except for a significant decrease of MBH POMC mRNA concentrations on day 21. Chronic daily nicotine or withdrawal did not significantly alter serum LH or testosterone concentrations. These results suggest that chronic nicotine inhibited POMC gene expression and thus, probably, biosynthesis of beta-endorphin and other opiomelanocortins. We hypothesize that suppression of forebrain beta-endorphin synthesis in response to long-term nicotine exposure produces a chronically opioid deficient condition which may play an important role in maintaining nicotine self-administration and in mediating some changes during the nicotine withdrawal syndrome.